The objective of this study was to estimate genetic effects for the muscle hypertrophy mutation (mh) of the myostatin gene for conventional milk production traits and for milk fatty acid composition in dual-purpose Belgian Blue dairy cows. For the present study, only cows from a single herd, in which genotype frequencies were as balanced as possible (0.266 for +/+, 0.523 for mh/+, and 0.211 for mh/mh), were chosen to avoid confounding between herd and genotype effects. A total of 109 cows with 3,190 test-day records for fat, protein, and milk yields and 1,064 test-day records for saturated and monounsaturated fatty acids were used for the calculations. Variance component and gene effect estimations were performed via expectation-maximization REML and BLUP methods, respectively, using a multitrait mixed test-day model with an additional fixed regression on the muscle hypertrophy genotype. Results showed that one copy of the wild-type "+" allele led to a significant additive effect of 26.35 g/d for fat yield. Significant dominance effects of 23.22 g/d for protein yield and 30.28 g/d for fat yield were also observed. In contrast, a nonsignificant trend was observed in favor of lower saturated fatty acid contents in milk for one copy of the mutant "mh" allele. Concerning milk, fat, and protein yields, our results confirmed literature results indicating a superior effect of the "+" allele compared with the mutant allele. Therefore, the selection of the "+" allele has the potential to increase conventional milk production traits in the dual-purpose Belgian Blue breed. However, when focus is given to milk fatty acid profile, a possible antagonistic effect between the benefit of the "+" allele for higher milk production and the "mh" allele for reduced saturated fatty acid content in milk should be confirmed in further studies.
Short Communication
In recent years, milk fat composition in technologically developed countries has become of high interest because of specific consumer demands in addition to the classical production traits milk, protein, and fat yields, and protein and fat percentages. Increases in unsaturated fatty acids at the expense of saturated fatty acids are considered favorable because of technical properties (e.g., spreadability of butter) and human health aspects. Recently, a new and inexpensive method using mid-infrared spectrometry to quantify those fatty acids in milk was developed (e.g., Soyeurt et al., 2006 Soyeurt et al., , 2011 , which is useful for routine analyses. At least for saturated fatty acids (SFA) and monounsaturated fatty acids (MUFA), this methodology leads to reliable quantification and could therefore be implemented into routine evaluation of cattle breeding values. Furthermore, it has been shown that genetic variability for fatty acids exists in cattle (Soyeurt et al., 2008; Stoop et al., 2008) .
The dual-purpose Belgian Blue (DP-BB) breed is a local dual-purpose (beef and milk) strain of the Belgian Blue breed. Breeders of DP-BB make their selection decisions on the basis of the muscle hypertrophy mutation of the myostatin (MSTN) gene. Several recent studies (e.g., Buske et al., 2010 showed that the wild-type "+" allele of this gene is responsible for moderately higher milk, protein, and fat yields in DP-BB cows. It is also known that meat composition for fatty acids of Belgian Blue animals seems to be affected by muscle hypertrophy genotypes (Raes et al., 2001) . Recently, these findings were confirmed in the British South Devon cattle breed (Wiener et al., 2009 ). Both studies found significant reductions for SFA and an increase of the ratio of polyunsaturated fatty acids to SFA for the mutant "mh" allele. Thus, the muscle hypertrophy mutation could also have a major effect on milk fatty acid composition. One objective of this study was therefore to investigate whether the muscle hypertrophy mutation is also involved in the production of SFA and MUFA in cow's milk.
However, estimating additive and dominance effects of single mutations for desirable traits is generally difficult for several reasons. First, only a small part of a complete, often heterogeneous population is genotyped, which makes it difficult to estimate reliably such single mutation effects. To enlarge the genotyped sample, an estimation of the genotype based on additive relationships between genotyped and their nongenotyped relatives is an interesting alternative , but a reliable estimation of the gene content is often not feasible (e.g., when the classical pedigree is highly incomplete and no information on linked genes is available). Another problem is the occurrence of confounding between herd and genotype effects, because some genotypes are concentrated in specific herds. For DP-BB herds, it is difficult to separate these 2 effects because pre-examinations of field data showed that nearly all large herds consist of only 2 types of genotyped cows with a strong bias in favor of one homozygous genotype. This is due to different selection strategies of farmers, where some prefer animals carrying mutant "mh" alleles to increase their meat production, whereas others prefer cows carrying wild-type "+" alleles to increase their milk production. The occurrence of only 2 genotypes with a strong bias in favor of one homozygote is a common phenomenon in all kinds of populations under selection (Bagnicka et al., 2007) when these genes are directly involved, or at least linked to genes with major effects. Consequently, additive and dominance effects are unreliable or even not estimable.
To overcome this problem, we intended to investigate additive and dominance effects of the MSTN muscle hypertrophy mutation for milk performance traits including 2 new available fatty acid traits (SFA and MUFA) in the largest DP-BB purebred cow herd of the Walloon Region of Belgium, in which genotype frequencies were as balanced as possible.
In total, 109 genotyped DP-BB cows, with 3,190 testday (TD) records for milk, protein, and fat yields and 1,064 TD records for SFA and MUFA, were used for calculations. Cows came from only one herd to avoid confounding between herd and genotype effects. Test-day records for milk production traits were available since 2004 and those for fatty acids since 2007. All cows were genotyped for the muscle hypertrophy mutation of the MSTN gene using a method adapted from Fahrenkrug et al. (1999) . The sequence of the mutant "mh" allele consists of a 11-bp deletion c.
[819_829del] that causes a frameshift and premature translational termination and is therefore the underlying mutation for muscle hypertrophy (Fahrenkrug et al., 1999) . Genotype and allele frequencies were 0.266 (+/+), 0.523 (mh/+), and 0.211 (mh/mh) as well as 0.53 (+) and 0.47 (mh), respectively. Genotype frequencies were almost the same as the expected frequencies under Hardy-Weinberg equilibrium (0.278, 0.499, and 0.223), which supports the choice of this herd. Descriptive statistics for phenotypic records as well as the genotype distribution for the investigated cows are given in Table 1 .
The number of lactations for cows varied between 1 and 10, and the number of TD records per lactation varied between 1 and 12. Test-day records within the first 5 d after calving and after 365 d in milk were excluded from the data set. The pedigree for these 109 3689 genotyped cows was almost complete (i.e., 97.25% of genotyped cows with both known parents) and consisted of 620 animals, including genotyped cows and their nongenotyped ancestors. This final pedigree was extracted from the total pedigree, which is permanently updated and used for the official Walloon genetic evaluations (Croquet et al., 2006) . Variance components were newly estimated because we included the muscle hypertrophy mutation effect in addition to the classical polygenic effect in the model. Our intention was thereby to consider also the polygenic effect of all related animals, which is feasible with relatively small data sets (Bagnicka et al., 2007) . To estimate variance components, a multi-trait mixed test-day model with an additional fixed regression on the MSTN muscle hypertrophy genotype was used. One multi-trait model with n evaluated traits was preferred to n single-trait models to exploit the availability of additional data for milk, protein, and fat yields. Moreover, correlations among traits could be used. The applied simple model was
where y is a vector of TD records representing the phenotype of the animal, β is a vector of fixed effects, d is a vector for a random TD effect, i is a vector for a random permanent environment intra-lactation effect, p is a vector for a random permanent environment inter-lactation effect, and e represents the residual. The vector u represents the random polygenic animal effect, with Var u u A ( ) = σ 2 , where A is the numerator relationship matrix and σ u 2 the polygenic additive variance, and g represents the fixed MSTN muscle hypertrophy genotype effects including an additive effect (a) defined as the estimated value for one copy of the "+" allele (i.e., an allele substitution effect) and a dominance effect (d) defined as the estimated value for the deviation of the heterozygous genotype from the mean of both homozygous genotypes. The incidence matrices X, T, W, and Z link the records to the fixed effects, test-day, animal × lactation number, and animals, respectively, whereas Q is a matrix linking animals to their muscle hypertrophy genotype. Elements of Q were set to 1, 0, and −1 (additive effect) and to 0, 1, and 0 (dominance effect) for the +/+, mh/+, and mh/mh genotypes, respectively. The matrix Z* represents the nonzero part of Z.
The following 5 traits were considered: milk, protein, and fat yields (kg/TD) and SFA and MUFA (both in g/dL of milk). Observations for these fatty acids were calculated from mid-infrared spectral data. Briefly, each milk sample was analyzed by the Milk Committee (Comité du Lait, Battice, Belgium) using a MilkoScan FT6000 spectrometer (Foss, Hillerød, Denmark). Thereafter, fatty acid contents were calculated using calibration equations developed by Soyeurt et al. (2011) .
Apart from the genotype effect, further fixed effects were the combination between lactation class (3 levels) and lactation stage (19 levels), the season in month (11 levels due to no performed recording in July), and the year of sampling (6 levels). Concerning lactation class, third and later lactation numbers were combined. For simplicity and due to data limitation, variance components for all random effects were assumed homogeneous and uncorrelated, which is not, strictly speaking, the case for single mutation and polygenic effects. However, for calculation ease, possible covariances between these 2 effects were ignored. Variance component estimation was performed with the expectation-maximization REML procedure simultaneously using all 3,190 TD records for milk, protein, and fat yield and 1,064 TD records for the fatty acids. This is the method of choice when calculation time is unimportant or fast (e.g., due to a small data set) and conditions about starting values are fulfilled (Misztal, 2008) . Starting values for variances for each random effect were the phenotypic variance of each trait. Thus, they were generally higher than the estimated ones, which is strongly recommended by Misztal (2008) and Tsuruta et al. (2004) . = σ σ , where σ u 2 is the polygenic additive variance and σ T 2 is the total variance, which is a summation of all variance components.
Estimation of additive and dominance MSTN muscle hypertrophy genotype effects was performed using the BLUP procedure with the same model applied for the variance component estimation. Variance components were the newly estimated ones as described above. The equations for the BLUP were solved directly using a modified sparse-inversion BLUP program (Misztal et al., 2002) because the data set and the corresponding pedigree file were small. Using this approach has the advantage that the inverse elements of the coefficient matrix C can be obtained directly. According to Henderson (1975) , standard errors for the fixed effects are the square root of the corresponding diagonal elements of that inverse, which were provided by the aforementioned program. Therefore, significance of additive allele substitution and dominance effects could be tested using a 2-tailed Student's t-test. The value t obs for each effect was calculated as
where β is the estimated fixed MSTN muscle hypertrophy genotype effect (additive or dominance) and Cˆβ β is the corresponding diagonal element. The corresponding degrees of freedom were calculated by N − rank (X), where N is the number of TD records and X is the matrix as described previously.
Concerning variance component estimation using the applied multi-trait approach with 5 traits evaluated simultaneously, convergence (<1.0e −10 ) was reached without difficulty after approximately 1,270 rounds. Results showed that, in contrast to the conventional milk production traits (milk, protein, and fat yield), the test-day variance for both fatty acids was higher than the variances for intra-and inter-lactation variances ( Table 2 ), indicating that the test-day plays an important role in fatty acid variability. Test-day heritabilities for milk (0.124), protein (0.098), and fat (0.089) yields were low and similar for these 3 traits (Table  3 ). The similarity among these traits was expected because they are phenotypically highly correlated (Table  3) . By contrast, heritability for SFA was quite high (0.321) whereas the heritability for MUFA (0.064) was very low. This difference was also observed in a study from Soyeurt et al. (2008) , although their values were higher for SFA (0.42) and MUFA (0.14), indicating that MUFA generally seem to be less genetically determined in contrast to SFA.
Neither a significant additive nor dominance MSTN muscle hypertrophy genotype effect was observed on any fatty acid group. This was expected because descriptive statistics (Table 1) showed relatively high standard deviations by only slight mean phenotypic differences for the 3 genotypes. Only a nonsignificant trend in favor of decreased SFA content in milk for the "mh" allele was observed. Concerning additive effects, one copy of the "+" allele led to increases on milk, protein, and fat yields, the latter being significant (Table 4) . These results are in good agreement with earlier studies (Buske et al., 2010 ). In the current study, important dominance effects were also observed for milk, fat, and protein yields, which were significant for fat and protein yields. Moreover, dominance effects were even higher than additive effects, which is generally a rare observation. However, to a slightly lower extent, dominance effects for milk, fat, and protein yields were observed by Buske et al. (2010) , using the complete genotyped DP-BB cow population of the Walloon Region of Belgium, which is distributed over 72 herds. This difference might be explained by the Test day (71 levels), year of control (6 levels), and month of control (11 levels) as fixed effects are not presented in the table. 
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fact that in the currently evaluated herd, heterozygote cows performed slightly better than homozygous +/+ cows (Table 1) , which is not the case for the complete genotyped cow population (data not shown). Therefore, to extend our results to the complete local population, further herds with sufficiently balanced genotype frequencies should be included to improve the prediction of genotype effects. However, in the current study, none of the remaining large herds fulfilled such requirements.
Besides numerous association studies between candidate genes and milk production traits, studies have also reported on associations between candidate genes and milk fat composition. Schennink et al. (2008) , for example, found significant effects for the A293V SNP of the stearoyl CoA desaturase gene on the fatty acid profile in cow's milk. In a further study, at least 25 associations between 7 SNP from 5 different genes in a (mainly Holstein) cow population and several fatty acids were observed (Schennink et al., 2009 ). However, these authors conclude that some of their associations could have been obtained just by chance simply because multiple tests were performed. Additionally, these SNP cannot be considered as causative mutations, and the results need to be confirmed before using them for breeding programs. Another important aspect is the consideration of antagonistic effects. Macciotta et al. (2008) found antagonistic effects between milk and protein yields on the one side and MUFA and desaturase activity on the other side for the A293V SNP in the stearoyl CoA desaturase gene. Depending on the breeding goal, such antagonistic effects have to be considered before implementing certain genes into breeding programs.
Concerning milk, fat, and protein yields, our results confirmed literature results for the benefit of the "+" allele. Therefore, the selection of the "+" allele can be an option to increase the conventional milk production traits in the DP-BB breed. However, when focus is given to milk fatty acid profile, a possible antagonistic effect between the benefit of the "+" allele for higher milk production and the "mh" allele for decrease SFA content in milk should be confirmed in further studies. To improve the estimation of genotype effects, such studies should preferentially include several large herds with sufficiently balanced genotype frequencies to extend limited results to a complete local population. 
